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and in practice is often unsuccessful i~: the current 
suuicicR th«r* clearly an ur^.r neen to develop n^v 
rsethods tc-r d<rt<?rtir.g vi rulers: strains cf ttvct-bv^t era 
and no save I op tub^r^u «osr-i ss trsssr-spi^s, 
S Tn»riK ;s 5 rerogrs J. s,*-d \ « -c^ni- for tubfeiLCuK>s^s 

rfh^ci-* i» a«iLesiu«,^«*d ioi-^t ~<i M, £ovs$ known a,v- 
This if. v*<r\ wi>^^3y used but it psrev^des i^co^ple^.^ 
pre teeners. ?r;e d£V£l3prc&ri = . 8:0 was eo<mrJiete^ ; t\ iy2i 
D\it th« r^.-as-r. f~r its avi rulsnca wa,~ and has ecrxxnued 

10 to r*?rr.&in unknown -^r^r.Qe et si , l^Sj: , Methods of 

atLitt.u&t.irig tuberculosis rtr^ma ro predur** a vacsin-* ~r 
a rsore rations.! way have been lr.vest coated but b&vs r.ot 
t<*&x suecesisrui for a variety of re&^cr^ ■Yruro- 1 9 ? } , 
However, i:: cf the evider.ee. tr,*r aea*J bcv;e BC" 

IS wa? lesss =ff^ctive in esmferrins isarauftity than live PCS 
;£>l;,ck and SMiiU S*^} . thsr* s^lst? ,h ussd for 
AV.-'rcuAt ted s^-^jr^ oC nv/cob^cter ia tn^: a^n b» use 3 j.r» 
t -j -r p v e £ a 3. m t .1 o>i o f v a 1 n <s q < 

A variety of oo^cou^ have b&an pxspose3 as 

20 rd-'uee Lectors for tuberculosis b^t , c^spito nurtmrouts 

ir.vssti Gabions., good evidence 5:0 support. tl;«a^ proposal- 
j-s lacking. Nevertheless, tim discovery 01 & virulence 
factor or farmers Esr tuberculosis 1? still regarded 
^5npor-s-t and i«* a very a^t.iw are* Df crs-sa; research. 

25 This is berceuse' su-ih a d^srov«ry would not crdy arable 
thf* possible d«v$ J cpnvsnr of a ne^v {jer.erat iotj of 
vabsrrvuosis vacrir^s bur. mi^ht islso r rev ids ^ ? :i for 
th^ design or diiiocsvtfry c* new 01 ir*f>rcved ^r^ti- 
tuberculos:. § drugs or t^r^ps..^ „ 

30 7i 5 « ability to trjmst-r and express 

recombinant DNA atnong tne rayecba-isria, first 
'ie^onstiated :a 138'" ; Jacobs et al . ) ( eriabl^o the usao^ 
ot r?c secular essnstdefr 10 elucidate pathogeme Mchaiua^ . 
Bu-, the present lack c£ acaerice cf hc^Dloscus 

35 recenfc ir.at inrs :.r. th<s» jar^c;gR;c n^yrcb&ctei ia 
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has prevented the application of allele 
exchange systerrs {Faipisr^ al , } £-.u th» 
analysis „ 

One of the tsrst exs^pi&s of in vivo sselsction 
5 f:;r viryleut: b&cn&risi was d&rcQjust rated bv r_h& classic 
wfjk ;>£ Griffith (it el- ;n 1328. Or^f.i U-h vising 
pneu^ocovci observed that, as a ^suk o; gsn^tic 
eKcnangy.. virui^rir. , capsulscea pn&untoetoeci were recovered 
±i.cw mica infcctsd w;uh. a fixture of live attenuated, 

10 noncapsulated pne^oeocci and heat -killed capsul ated 

prs<^rco-coc~s. iGricfith, .1938) . However, s^il^r system? 
have; not be-sn deinsrsstratfcdi m mycobacteria. 

Bacterial SKA polyns&ras*? sre corcposssd of 3 
cere ensyrr.e with th<& ssjibunit ccTspo<3 5.r..i£.n cr^$?8' and cn<5 of: 

IS a vsnsty eH sitjtfr- factors. Transcription responses to 
changes 1" growth condor., 1 an si ^v\- sno-j;;lated by taxilt:.iplfe 
Fi£?A polyrfterassji; having different sigts:;* tractors which 
promote t:r<3.r-ft-;:rlr;.tioa ot cUff^rerU:. classes of pr©EKyt*>>r& . 
Th* principal sig^A factor dlays a central role in 

.20 bacterial by pro-rating essentia.! * housekeeping 5 ' aen&s „ 
Ge.ne^ Jor alternative 3 grata factc-rs are pr&s«*nt in a"U 
t-scteri* and hstvs be^n shovm to protsot« specs. fic 
virulence genes in so?ne pathogens iF^ng, 1SS2; Dsrs^ie 
2 954 ■ . However, loss of a virulence phenotype due to 

2S nut at son in a principal factor has n been 

r<sp£3rt£d. SzY:&pz<?&ycg3 contain several hc5?nc legists of 
principal signs factors !Eutr.rier.. t*"*0) whiroh a?* no* 
«!<is-«>nr. fc-r nart?yl growth b«t which appear to have & 
function under certain growr.h conditions. 

R^f^rarsc ^si cited in the B ackqrosan q...Ar.k_ 

1. Anon f 1872 5 telt'E^l; xv;vs^cxs:\Ial ctjlt'JS'» ct^sosnofc 
fTrud<*&\: Institute Inc., P.O. Sox SS>, Sararcac Lake, N«w 
York 129831 „ 

3S 
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2. Eel isle, Pascropeila. L , , Tnanun*, 

.T.M.. nr«?nr*?n 4 P J , a:id W.R. Jacobs, 11591} "IsolaLiM 
ana expression of a a<-rte o.Uisr.s:>: responsibly icr 
;:'3.;>s;yr^. cf tivs gl yeop^pt -'joi i si ^ entig*:ns of 
5 Myc^bdctzriwr .-3V.is.iJ8,* <T Bacc^r j q2 , I? 3 .<i^9J -5 '5?" , 

3.. Sicotc. 7uck?r.&n t M . ., K^ipans. ,snd 

W. K . iJdv^bi; r unpublished d^ca. 

4. toyei, and & FauJ lax:^ - Dii&sein, U&S&s 
N A cofKpIe^nt.ation analyses of S:be r«stri-c.lcr. and 

IS nodi £ ics-- ion of DKA i:i Escherichia cq1 ! ^ ( J, Mol . Biol, 
41 t4SS~4?2. 

5. Collins, ~\ ?'* . ., and G. 14. d«2 Lisle, =; s- B 4 ^ 
M D>NfA resLricr.if.n »r*drn ! .,ci<&ss* srsalvsua of J^'csfcaece-ri 
£:vi>^rcui:o^.v.?: ana Myccb&atgxrduxz bovss BCG,. ,y ,.T> Gen. 

1 5 ff it 7rcM &2. 130 1 10 1 <9 ■ 1 0 2 3 . 

6. Coll ins f F. > and. K. Jl . Stait^, (SO ft 0 5 

■ A cotspASMsc j.vs? study oi : th* vinjieno.*- <-jf My redact era lit 
z.ur.x?i-ci;los;if ^asui^-d ;n and guinea pi«,'" A^r^-c^.n 

Colims, 15. M., S. K, Eraawusor !f D. K. 
Stephens. 0- F . Yat<as< and G. W. de Lisl<a, USS.lji "E-KA 
iingerprir.-ing of Mycobacterium bovzs strains by 
rsstnc^isn fragment analysis and hybridisa-ion wi^h r.he 
insert: io?5 el^taencs ISIQSH and 2S£li£, « J, C2±n. 
25 Microbial. 31 t 11$ 3-1147 , 

8. Dsnnenb^r^ , A,K W Ji., ns'nU " flayed typ«: 
hyp* i sensitivity and ceil avidiatsKs ^rr^unisy in *:b$ 

m. 

30 5. Gallagher, J., ar.d 0. Horwiii, ?iS77: "A 
elective oleic acid slbursiri rsedius- for the cultivation 

o t My coix* c t er,t b vi s , " J , Hyg . Camfc „ 79 ; ISS-ItC . 

10. Grants. J, >;j , Gibson, T. K Osborne,, ~. 

K. Collins and M. D. Vat: as, s'I9SV> "What is BCG" 5 " 

3 S Tuh ersle 64; 1 3 S - 1 3 9 , 



11, Griffith F. . ^l^S^; "Siqrstf j.car*ce at 
urcoce c ea I t yp e s „ :! J. Hyg- . 2 7 ; 1 1 .1 - 1 S 5 . 
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57; 15 35, 1541, 
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J.S. f and R Curtiss III, Q$>86l *2n vivo repackaging o£ 
r^ooiabinatit cesn-.id tisolecuO.es for analysis of S&lzr-onel la 
typkinursusn, Streptococcus flfuia.nss. and rfcycob^-tsria] 
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Jc.--zit>.n> x > Q. s&tI (=?•; t^t smd sl;>s-m ( Jl^&X:- "Genetic 

systsps for mycobacteria," Afethc<i9 &,zyn;sL 204 : 5^7-5-;Fo . 

If,. Jacobs r ^ . K „ t t^cki^sn, »<? , and S- . it . £Ico;r, 
20 •" introduction of foreign D&a into rsycofeacc^rAa 

usipLCj s snutcle pias^id, * .V^curs 327 ; so* -33 3 . 

J * . K a 1 pan* , Q . V . , B 1 ootr < B.R., and w . R , 
Jscobf^. " Insertions! eruc agenesis and ili£gitim&t& 

recombination ifi st.yesb&eteria, " Proc. ,"fet:i. Acad', Sci . 
25 USA 8«5 54 33»S437<. 

17. Kochi, A., (1951 s 11 The global tuberculosis 
fiituatioa and the new control strategy of the World Heath 
Organ z a z \ en , 41 T;.c.be.ro I 7 2 r : » .1 2 . 

IS?. LriH?, M.H , Pascrop^ll^. L . f Ja;:i^g f 6S,R W 
30 aj-d CP. Ms t full, ;i:-?3l> - specif ic intsgr^r. i^n <?£ 

■3iycobia;:3;eri:;jc:ha;;e ZX: Irvtsgr^tion-prof icieat victors fcr 
Kyecb&ctBFluxi sm®gxiati&, Myco£>acterxm-> tuberculosis, and 
b&eille Claret te • G^«rir., Proc. Wstl, Ac&d. Sci . U,S,A. 
*8 : 3111-3115, 
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IS* Maek&aess, G.B., Saith, and a.Q. Wells 

growLh o£ ir.z rare! lular t\±«r~i* fcaciHa 
r<?-atie>n to their virui ence, 8 An. Sev. Tuh&r^ . SS;47 fi - 

2 0 . Kcr t h , E . J . , ar.d & . A . T s k o „ \ * 0 \< 3 ■ 
"My ^c-baet: sria * vdralenro: Virulent r>rrcfc:.ri^ of 
ify-oh^T^riiirt zuh&rcul&vis? have is^L^r vivo aoucli^rs 
Ti^es «ar,d better soiiitipcd £o resiist arowth *TiivJ?*t irv* 

f\i.n::tii^ss v5t nhe ^crsphage* i-[ th= prt»B»*Eic& and ar^-n^? 
c f s p-v c ; f ; ? a w-^Aiii t y . * ^ . £xp . Med 1 3 7 - I 12 s - 1 7 3 4 > 

- Oavway, W,H. t Jr., arsd $>}, £Le«n«;sr,,, Jr P 
"Ts* p^thogensisia and fat** of rurersrle proc^c®8 by 
-Ji^-M^&tad variants Euj;:.^re~^ bacilli," J. Inf. Lis 1 . 

2*. Psr--;op&lid, I... F , M Cci: ins, J , M, 
Hart in, H Lss, F r^trfisll. ?, Ft Pico?? aula 
Jci-obs., "Ijtj vavc coT.ple*tv&r:~i*xicm dr, fcfye.\Ki<7t 
r^her-e;Joi"i^ to- i s,£y a asrajasia £,ra<7^<5;U a^BCCi^t^d 
w.. f. ^r^l^nce, " Infection ia^uniEy 13, 13 - l i t 9 . 

2.i. iiarw, C H . > IXsboa , Ft.C. .gs\d Vj.£. 

s.:ciV v in tit. Jivjci™is Tj.ce, 11 O £>p l*>*d 97 iis-< 

Sj>rs.~.os ^jrrrr La£~rat ^ry .*c_a ^pri-icj H^ijm STr ) 
? - £t e^A&r, VT J un^ L 1 Oard^»- 
: " p \ H cilery , N f snsir t ,b^r-' a r»v , il J .-ts < " A~v*~ 

r , Ft^'Eikei, W, . "r-wny, < , Js , ^nj 

o ^ l^tiCfl 2i>J4 "tviolvjii-dl <3Ludl&>. ot r'-r MlSTC t ^. !; i 
f^.^ur ;T1 r.ssccis'iL.i aui rMtaLvsan^ ay -^t "tie k 

Exp SO il x 

>c"es, £ K .a Oru.t \ f F i aerrr , 
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g) identifying the Dm insert which essfers 

viral e»eft . 

Tius ttstnod tsay be performed wxth individuals 
Lhat are rice or Q^i^ea P-££. 
§ An isolated polynucleotide cornpr:; s-d of a 

segment cf *ers than *,hst: is essentially riono logout 

iro a mycobacterial ENA s&qyencTe asso^isictsd w*rh viru.^ersce 
in ^yt-csbact^xia. wherein cho ^yocbacserijsl DKA ^qy*!r» 
encod-ss a s 1 9mm £ .0 ■:: o r . 
10 An i£^lAt*!d ix:r/":u-I-rotid^ ^ompris^d or * 

^oiri^-Vv »«ss th^ 3 kL- that -vssccidesj a polypeptide cr 
Cr^g^est th^r&c:". wherein the poiyp^tsd^ is associated 
with v^ryience ~n ciyo-D^ctsria and is a sioTsa faster. 
She polypeptide n&y b& essentially homologous t~ th* 
IS polypeptide encoded in Figure 9. 

An isolated pod >qi^t lectin comprised of at 
least IS sequent-^! nucleotides ho<nnl ogrous to a sequence 
cf pc*yrsu.^l«oti(3»s m F^cjure § , 

A reco^h:in&c^. polynucleotide, comprised c=f =i 
20 ?.<3q'jf;r,-f? of st .Uast !£■ jss-qy*jr:tial n^s?ls!cv, ho-^oi cjoui 

re -3 se-rr^HC® of p-rdyru clec- ides i« Figure s. 

A r^~rr,binant pil yrv^ieotide io^-r^sssd of ?i 
segment cf lsaa than J Kb tii&z enc-.deft a p^yptitjc_id«s cr 
f i c iQcr:« ft t. t he re q £ < w hi? r t* i ™ t he po I ype-pt i d^e is a $ s o>z la'ec 
35 witn viiulsrics in ^ytob30~er is and is 3 aigisa factor. 

An expression vector comprised cS the 
re c ornh 1 t po 1 ynu "leot ide d s 5 c r ibsd above , 

An isclsrsd poly^ucieot; ide comprised o-f a 
linear pegrfte.rsr of si less* ^5 circle-on idc>;~ t&st is 
30 subst&.ntiaaiy bcr?;olccjcys to nryecbacfceirsa} SNA in 

a p]asffi3.d sheeted frets tii& group zar.& isu in--j cf pUKAl , 
p\iHA* , pUJ-sAT^, pTKA^ , pl-VlA?,, pUTHA*?, pXTAAl < pMKAs f pUHA? , 
p-JHA 1 t , pYVZi 3 5 :■ t pYJB ibi, arid p YVB 'i S 4 , 
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Jesi-cribsd isolated poCymiciert l^a ,, ^r.;:!ud^."g exrressiw 
vectors . 

A d^a^ner-stic Kit comprised cf a polynucleotide 
S and a rurrer p-ackaced ^- suitable via1-=, wW^reir. v r><? 
po! y^Md&.M. \ „s any of the abcv^.-a^scriD^d isclste-d 
ynucleoe . 

An is-l«st:=vt j^jyper ti<K- S'lbs^tsnt: 
V:-;-c=..>] - polypeptide sss<?i;^-*t<:-d v,iv.h Vir^l>ta:» :n 

TO s^ycc bacteria c-i s fr-a^r-crst thereof, wh^r^in tr 4 e 

T,y^:.-.b--iCt =: A ^iypejrtioe: is £ i-^:^ fa^ur Tr,*< 
^ycoravte-ti&I pciyp&p^iote nay t>e cne th^* encocttd ir- a 
3s & series rice s^cwn ±n Ficfur* "5 . 

An asil&t,*a f olyrrjc I ■*><::■ t: j corjipris^d ~f s 
15 seg^e-- of less than ikb thst is ess«r.£aaiiy h^olog^;? 
^ ^ycoc-ac^erial DMA ssquenre associate -J with 
xv\n.*)finc*i m Tycc>victer J.a, wherein c*n« Tycobace^ri&l nNA 
<rerr^" r ~^ s?n~od^ a s^qrast f&etQr, 

A sv^he-d fir produ^r.g &s r . U-.. l =d propsny is, ,s 
23 *>^: i \rr strain c;.h<it- to&r* i: b^'i^ Oi-cSpr ^£-[1:19 

^utaiienizin? a pi 1 'c-i^n* taet-sr m r.bs> ^sc?^"u, 

T^agtbciissng results a:, c^veitis'j* an 
iiryur^ne *_o a hiatxdmfe the principal ^grsa racfor, 
sad wr,ere»n conversion occurs at s similar posu {^cr- 
2S i: thdt pr*ssir.t is K. tcvis AT,X 357*1. Th»s method 
^nclua^s altering the virulence properties ef 
b^c serial strain, 

ft method of using a Lai v c*rjal rrr«;n pi^p&r^d 
ry the described atb^v« , tne method ecnt-rising 

30 preparing 3 v&s-csnft by Tracing s phar^^l-og^c^s 1 ly 

effsace.ivs doi« of Lha sr-r&^n with, 3. ph&iti-sc^ur j«l ly 
acceptable suitable exci-pusxit. , 
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drntmctesd <mly by the presence of pfUB.1 78 -hybridising 
DNA fragments. Tb.£ Pstl sxti&s or either side: of the 
K3?&v insert are fixed. Thus, Lbs S5.se of hybnaazing 
DKA fragments varies with tns s-rj7Rv m&art DNA. 
5 Figure 4~ are half -tones of. gels showing 

tnduvidual H3?Xa rscGnbinariiis cctnt.ain.ir.ig pY'JSl7& : l H3 7Rv 
eos-ftid clones wsar^ isolated from sti^use lur-g tissue after 
^pie«=r>. pas sags ~f rec-or&bi snast po-.ly, experitr.®r-t. JSP i 
Table 3:. £ J ooIs o£ K3 7R& ipYUB17§i ; ; H3 7RV ;■ w-urs ct^li ect sd 

i-:: and p^«s^cjfi;d in brttn culture The chro?K3so«v.i.l dnass frors 
p-Dcls <&nd .Lviivirjuid clerks wer<* isolated, digest&d wit}, 
P^tl, separated by agarose gal electrophoresis and 
tr-srisf^n-^d tic a nylon filter to hyhrdSi?- with Lhe 1.1 
kb I>r«;' /S^r:; DKA t ra-g^ent of pYUBi^, li&n&s. t?i« 
«^Kv SKA junctional £ ragrrent s of in vivo-selected 
individual clones of pool 2; lanes 4 and ^ , tr.e HVTRv DN& 
junctional fragm*nt$ of members of pool 3, before {l&sv? 
4? and after ilane in vitro passage. 

Fi^usess shnws th« growth of v^vc- 

20 j^a^i^d H^F«(pYUB2"»5£ sH3 7Rv> clones in IROUS* lung and 

£plso:r:, Growth rate* qI clcmes sstc^BSS, K3 7£v t snd rcc^iS 
Ressured snd corspared. 7:v-> growth cf nc^HCfi is 

leprsssnted by solid squares on *_h* solid Lnss, th* 
growth ra*.e of ^^SH is represented by the open elide- s 

2~. en trifj dotted hn«s, and the growth rate of H37Kv i?: 
represented by soltd mangles on the dotted lines. 
Th&s-s data are representative of three experiments S a e 
text and Tabie ? , experiment for experiments! 

details , 

3C- Figure SA shows growth in spleen. 

Figure 58 stit;ws growth in lung. 

Figures SA--B illustrate the retrieval cf H37RV- 
C:-.-ntai.r{irig ct-^ids from the rfcC*Sf)6 ohrosiCSOWS - 

Figure fiA is a schematic illustrating the 
strategy used to retrieve ths H37xv insert DNA frosr th& 
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-'Ik t^:vistK t est InuciiZi t- :_>! b rrcb' ^ 

„ 7 x -4 eilLfl , t n<f->- aUtJ I, * and <"OV 



is*. *^p zl t - t "j it^.o* -r h*>*v tr t is 

~^^nt s- e-e>"i'J. f-r^lii r>V;r,\=-' ( ^* j rY'L.^'- 

, - -^pv OI . ^ K 'he^- ' shrine 

► - ^ - Us a i^nVr Jo*ry<i> oi pi^.aa' 

. nv jtbjs&j xs^o* and - -erf^v--^ 

J'Jfp^ {^r^r V-^a.J!. M': * the 

\rp~r^^ cf Stz^t to^-yrrzi «iri^-r ^laoiwi rigT f _k t . 
^ kii^ 1 wit . viru^rr a 
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:4 s «w„vi t d; »i t vs v jhe* t chains „&rq<^ O 5 ;* 

position 8j5-&3-7 , 

Tiju^e TUO lb 'If £2? l u v : 

^.i^-Miis a r^ii uoj* ' t purstvN. pi ~ ^ s\ rign^ tr.fa 

10 Jo * .* ~ It Js Dt^wntti ^ i ~ ? « ^ „1^<?H t " 

'^e- .?lL:lc<_. *-<~<-^ -u^ciao w_21 

Gt*r*"y, ct K ^'5,?* ^^■^cs^-'J cc* venule *v= N 

n ^rr\n,r: DNA, it i.^ i h i: v ui^ t - 

3,* w th- Pit T c" to-'J^i.^- v<r Fxplninr- t- v Jy 

-b ^f^is-VTe ^o.* rubral ^n.J 

Fa,- tTKRXT r^OA^O'S IK M 1 t- CiJU^ EI0IO?\ U* M 

Kf-uiiStv^ I II ^I'irg^ 1 ie' n 0* ?he^ W Ser:>oor 

^1 l^bl" . A^l j ' * rp^ilCJ' Jon ^.i 

"it^n*. ^t'A-iijr provider wolvnuolt. ^ ido?s 

i e^-ii. (^l0^.i.£.u, ^. c j — iisoi^a^ly ir o ,x ^D^ ; ■ N i.x , * ? t 
^ynob^c^erisl cc-r,pLe>:, Virulences is the relative 
sagacity of ^ p^^h^^r; to o^erccpe tody defenses:; if. i:^ 
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also the relative ability to eauss disease in an infested 
host. In grass -negative b&ctBrial psthofe&s* virulsaee is 
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'^ii^Tally dssernin^-d fey a sujltxclicdty of traits that 
endow ths- path--<T«*n w^tft its ability to e>rploir ana toxical 
weaknesses ane overcome the ismnfi defences of tJvs hosn . 
3t is expected that a sin.-ilsr rs^ltipIicUy of trai;? 

Prop-frrti&s assess- ci a^d w^th vutalssnce in ^ierooi-ss^iamss 

1. I:if &cr_ioy:-s ; c^p&bTe ct bein^ spread fresi 
one ir.divid^: to another. 

2. Capable cf erit^iiiijr R-3n.~15Ali.sr1 .he:?;: Cfslis. 

3- Cspsibie ot s\;rv j r>g tr fiscapir/i c^a^cyte 
cellular defenses. 

4. Capable ot T^ltiply^ng in hocfc c-::ll&, 

5. Capable of spreading trot- one in*ecte : i 

6. Capable c-t c&usrir.g ~eli injury ah&t 
result® in pathology. 

Ts- aa-iiticrt, a vlr^ls^t c-rgar.isft: xz&y d~ capable of 
kiJlar^ infected hest . 

By fiiycob.se tsri^ is- ir^&rt to? genui- ch=sr. 
".nclvd'SS n h-r? sp<?cies M. ph. 7 <■»,;. fj, £ftf£<?2tia C i j=; < 

p&r&.z.ub®rculosi!i, IV. leprae., f?, Igpr&Gwuzxuxi, 

in travel Iwi^re , &\ scrorijlace^., &f. jc^opi , M. qen&vense. 

ds^aticac!, A;, jsss License*, and JPJ. s^ifsoidssi . Of particular 
mter-sst are the jfieinfe-ers of t3>:* cufoer~u] is complex, 
including tf, ru.borc;.;lDs?.isr. ?f. &ovis, M. sfricmur?: and M. 
microti . 

At; used h^r^jis, the term "virulence factor 
«;-::r;;;dinc ysqu^nc* * aenctfeft a p*lyrs,«ci£ctid*i ^g^rsce that. 
er.MdtiS & pr^duc? 1 ;. is azscci ,-i";.^d vxth virtil&nc* in b. 

1? 



^rxor.paf^e/l vithin Ire -i^rrr s 'y-esusrsre assoc.; 3~e 
v;r^i-Tvre- that ci«T5ot?s that a pe4yruo-rI<x^-ae s*q 



r.hot confer 



&virui;~-r- raycobact; eriuE-, *hetb*r or not th= 
poLyi,u,::l«c-t.s.de er^dssi 3 product t* p^rti~.u^r. the 

r fierce assc-i^red jue^cea at the pretscnt ihvsntisr, 
■are rhc..-:.- th-an confer one or- snore trusts ^s^iaLtd vith 
v3 s^l^noe ii,iv*z hi -ah degree hj>ti^\ocv , i.£ t at 

lease ab<Sw ^ ovtmll LcMrMegy, preferably at least 
abouc S0% overall fcomolcgy. ev«ft ir.Dr« pre£*-ab2v at leas^ 
scout 50% m-eral! ^oroioejy,, tc th£ ^yeob&ctreri&l 
polvn^ci^r.f.defc described herein. v^thods r-f ^terrr ; n;r-? 
j^onology e-etween ?f>querc<?s st# kr.ovn ir. tr^o sr., and 
include, f^r -rxanplt?, cdr*et rap^nssn of i£e>^i fnces AV <$ 
h/br.s disss: - or, assays; . 

Th^ sea^nce of ■:>:<- of s.ha ^yeo^:ter;:al DSAs 
^ssx,3' ii '1 with vj rulsn^^ ,. isolas:^ ir£;ft M bc-vik is 
;>.v?-\<ii ir "ig^re t. This DNA chains &«v«r&l contigs and 
«ia op«r, reading fvan* »CRFi Lhas basacS upon ar.na acno 
ss^^j-e howvi^y in certain regions, encodes a 
polypeptide ^,r,at is a putative s-.g-sia factor. Portions 
or all of fragrsers* of whi^h the OR? iS part is in 
pUsmdy pMI, pUKAl- f £UHM , pT^HA- , ptStfL? , Ff.HA*.\ 

pUHA8, pIJKA^ or pUKAH , A particular e^bodirr^nr of tha 
invention is ar. isolated or recombinant po^ynuelsot ide 
thai, is corppns*d ail cr segment v€ the orf encMinc 
txa® simm factor , 

Viiui^r? is? also asssooisEfti witn r.hp 
sFytrcbactorial sequences present *r> pVt)a3E? ( prj&i^j, a:>;l 
pYDiss-i , Thus, th«. isolated and recombinant 
p.dynu-l^or may Also fc* comprised of sequence? 

homologous *ne mycobacterial DMA ir. these piasmd^, 

Th£ DN& sequences upon wh;ch the 
pclyr^olsctides the invention ai<» based were obtair^ 
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t>y tt;® use ct ir: vivo viriu^ooe co^.pls^eritat ion assays, 
k method t^r identifying vxruiencs dats-smir^ru;^ by 
3®neti-r cotrpl^nvantatioii jn wzs disee>Y*>r i srd shat 

reTaires; ti! two sti&ins eh&t are genetically ^ii^i I&s , 
Hi) c..hs:<f>:M"/pi ! .^tssooiated with v:!rul=nce; six* 
ger,.e transfer £y£r.£xi£. 

Co&rcid ^s-.rioirtui- libraries of virulent 
rcycob&ct'&ri&l strains of M. tixh&rculosi® and M. bovis 
w»r* obstructed in &n lntaqrati^ eosmid vector, to 

.^j -i arioT^st- ^ ^o^r^d. v-c--c~ i ^ tVJEl^S* 
described by Lee et a I . CI 5 51:, Proc. Natl, Acad., Sci > 
USA.. -and PascopeilU et 5]- U394i , Infect. 

I^tsu;;. £2 -i;n3 - 131$ „ Th* irste^rst irg ve-^or, 
approximately 5 kb long, car- acco^oda^ 40-45 Kb oi X>Hh 
and u.^.v irh* site-specific mtss^raiMCft system of 
nyrot-aTtsricipbAg* L5 so s.atsgs:sr.e ttcon^insnr »NA into & 
\in.:.qwe siiiess the isr/ccb&c'c.&ri^l chroft-osota* . This 

vector «-h-:?n r;n;i repres&nt taor-y thsr* J: he entire 

ry- r-jcicteriiJl genome in ^sj few ss about 3GS> closss , Th<s 
r*-\M-Mflant DN? S introduced in s^r>gl-=j copy is stably 
,M;i,u^;npd in mycobacteria J 05 1 Is is the absence of 
jiitiiioti; s^l&ction, ftv^r* wlieh Lh<a stra;s\ ±ss passed 
-Mru^h andnalr* Thus, use this v&ctcr reduced the 

-:o;vss tnat needeJ to bs- screened, and ensured 
"nrst cloned gene 3 w&r*s not iosr duri:v? 3*1 ^3.1 passage. 

The genome libianes in the integrating sossraa 
"*?-tor vere sntrcducs-d ir : r~ c^r^ssosd^c .^v^rulent 
*tr.-uns ct srycobacteria , Methods -of j^Lidu^ 1 ^ 
p: Lyr^'.-ifc<ot id<s*sx into .r^Ils *r*? kncs^: jr. the art, and 
. n ■■: l ud >■;- , £ o s e^~p I c , «i 1 & 2 1 r a r-t ra t i on , t rs n s a uc t 5. on and 
trsr.sf :ir:r^t^o;;. 3";. ^rd^r to for vimisnt 

-vyc-tacteria tne. issjltisv? libraries o** recombinant 
clcr.es were iroeTtsd into siiis^s, i.e., nuce cr crui^ea 
l^ics It 1$ tho-joht * Hat clones tnat restore virulence 
rray hsve select iv* advarxage ar.c tivjs b« enrdched foi 
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in th«s -.njecced *2*±m&ls. Its the sicuse co^piesiar-eation 
assay, avirui&nt nutsnto csiiS& & ssel f -limit ^ntj infection 
wails virulent ^yccbaotsri al. straiiis nulsiply store 
rapialy. *nd .U\ high challenge daaes causa d*ath. 
5 Similarly, m ths g-utne-a pi-g ccTtpt^^ncat; so?; figssy, 
svirulerst ^r.ants i^agse a self - 1 lilting ir-f >5-otioru 
However, virulence in smis^s p^gs fee sss&SiSisd by the 

yites iti wnieh ttr&a- lesions £o\md . when avirulent 

strains, of. sr^cofoacLeria ar* in^cula^o subeiit&nsously in 

It a flank, these strains axe not sufficiently virulent to 
pass through tha lymph nodes draining the IniecLien sit© 
aod etitfer the systemic circulation ^ sufficient numbers 
to :aus& gross lesions to occur in the spleen. This; is 
contrasted to virulent strains, which undor the sarae 

15 inoculation conditions do gave ris«? to spi®SA fsnd lung- 
lestoiis., E^ss^pl^s of assay systems fov comparing 
$virul«t:t ana ocrresspcr^irig virulsj^t rautanvts o£ M> 
ti.ih^z:-cu.lGS2& &nd M. bovis are described 10 --.he Examples. 

Cl:;;n.es ot mycobacteria that tiad b&^st rsndcsrsid 

20 virulent by th*? lntegmcuia of a polynucleotide enoocUng 
a viruiaTics factor wers isolated. Portions ct th« 
integrated virulence, aeterrairur.g costnid ware isolated 
frois tas clones by restriction enzytfi*: digestion, <snd th« 
fragments were reinserted i^tc th*j integrating vector and 

25 assayed for virulence factor activity using in vivo 
CDmplenvsntatiori assays. These assays? led to the* 
identif lotion o£ mycobacterial DMA encoding polypeptide::; 
associated with vi^i^nce . In the ca.^e of tf. bc-vis, the 
s^qufsncfc of a trag^>snt cf ftiyc^ba-tsrial DNF* 

3S approximately 3 k.b in a dons designs t:.«d pUFAll was; 

d*t&rir,in&d. A comparison of GsnSank sequence w~th tne 
amino acids encoded xr. the* fragment, -rid particularly 
w.thin a large- OFF and an adjacent eontxg, showed a 
significant o.sgre«* -of honsolooy with sigma factors £rcsn 

3S ether microorganisms , indicating that the large- ORF 



s&codes a putative tigma factor, Qn the basis of this 
hoTQlogy sad the Ability o*' the WA-j2S0 gene to confer a 
virulences pfcenotype we have; named the gene, rpoV. The 
high degree c-f h^rcoiooy between the principal siqma 
fartc-rs ::.f Streptc^ycesf sp. and the put&tdvs sig^na 
factors' frosts ihe M. ^«r"«)rjsi>> ^sxplex ?nay r#?3i»rr. 
Choi 3: evolutionary relar: ic^v-hip and r.h& tact that both 
■:h^; : a?««ra fca-sr D?JA wiu.h & hiqh guanine plus oytosurvs 

A comparison ^f. the hc^olrjg^ys D8A s®cuencas 
f:rc;;i ??. bvis WAg2S3 and th* Dna sequences tro:*! the 
attenuat&d .v. bows ATCC3S72I indicated that the lac Lei 
hod rso sequence ^ifterancss ypsir&am at the ORF but had 
two pcim: differences i~ the. coding sequence. Cne of 
these diff scares was also present in tha virulent strain 
W. zute: cults*** Erriirar. £ut ; w ether difference, wiiieh 
caused an arginirse to hiss idine change at octH.t Ion S>£2, 
was tkot. f cured in any cf the v^ruient strains analysed , 
Thus we* deduce rhas: this is the likely r^ucacion that 
muses t-l. bovis to- b-co^e avirul^nt - This 

yositicn i& highly coa*fc:rv<»d araen^ principal sig^ 
Jacxorss snd choir hoiTC'logues and the regies in which it 
a- curs has th« characteristics of a hslix-turn-htlix 
srotit and is relieved to b-? involved sn -3 a sequence 
recognition. See Lanetco, K. t Gribskov, K, and Gross, 

H9S2i J Bact. I2£i 3843-3849. Thus, as used 
nsrstin, the term * si rail sir position to that present in m. 
bo vis ATCC3S72!" in reference to arginin* to hastidine 
conversion in a bsct&>:i«J. strain with m DUta$e.n j zed 
Ysrir.cip&l factor contemplates osie in a region rd-uit 

■.si '-i-fhly co-served ss-ong principal sngnva factors and 
their ho-noittcju^s and dth tn*t ha.a the characteristics cf 
* h^llx- curn-holix snctif and m believed to b« involved 
in - ? F> ,<seque nee re cogn i t i on , 
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alss b* use-d L.:< ietsrTir.e wh«t po. ^ycl^ct ;;d«?r* 
"ev-jSt.i-MT.^d srcr tr-T; ijirorrra' *sn &r.d sequences f. rc-vided 
5 herein t^rrrrs tiv*£\ serried and -'or tir^n^i #t«3 

"htirftftw ^£k,c>; i«ted wi*ri vlf^lenre .in roys&b&c?: ssia . 
ana piirtiieul&sly m hcvj<? ?r ft. tul^rculosis 

-^bolimtiriL of th* invent icn is $n isolated 

10 virulenre m Tj/cobactsria &rv:tber <sitibodisrent cf tae 
^nvsr.iion is ar. iscl s^ecs pc-lynue^ectids sosrprssfcd of a 
*eqaer.c& associates with av:ru>nce ~n riy.?c±^c~t^ . As* 
vsed r.ere:a £3:^ t^rr; ''pcjjyniiv-^eti^* refers :.o a 
polyn^rvr f ex-fa ef r : uc.i ctt ;dr-P of *£r:y length, either 

1.5 r3 bor^cirr; id-cC ■^Nxyrib-.n^eteoti Tr-i:- t s^--} 

reform ftn^y L :■ til* primary ^ru^s- <£■ i>s" t'e m'jls-.-^iile , 
tfiur., rMss zehT ii\:-luhe-- -io«t-ie~ and single-strariSficl DMA 
and RNA I- ale; include* kzivwr. typ&s »f nodif icat ion.- . 
for sxsl™i^I*< l&b*-ls whirn ais Kiovrj m the ar f ; 

20 iarbrsok, ^ methyl&tiort. "csps\ substitution: ef 

ens or s^r* th^ tia^uxally occurring nucleotides with 
at analog, inrerrucle-otide mod- i icat 3,0ns. su^-h as, tor 
example, thofe with i^crh&r^sd linkages -s.^., sict^yl 
pne-spbona . ph^phot ri^t^rs ( phc-s^V. ^fKidatss , 

25 carhas-aies, !?£:?. th.->&fi containing psrid&r-t: tsci^'ier, 
siSvh as, l&r example, proteins 'including for 
n\iC ifc&sss. toxins? , £nu ibo-di^s , siorsisl r^ptid^s , poiy-L- 
iysine, etc, thc^s with jjis^s-cala; .rs !<$:.■:?-< aeridin^ . 
py-;n"^l^:-i , ot-'.", these co^tamin^ t-h^ri-crs fe»^., 

3D srstd]^, radios rtivsi tpe*ra«f, borer*, o^id^tiva s^tals, 

eJ-c,; , tnose ct-ntaiDjrvg aikyi&tcrs, "hci^f? with m^difisd 
Iiiik^ss u-.u. , sulpha anoxia i' a c r-vle:^ &eids, etc. , 
well as usv^odiise^ for sis e£ th*s polynucleotide, 
Folynucieotides incluo* 5 both sense and antisen^ 

35 st ranis Re^r-bins.it r^ei^-r acid? comprising saauer.';^ 
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-Li. _^^-^rf="-r«r-j iviiro 1 s.U'-r ^r,* r,r-~^ 

-a .-a >>: ^-o,r~o-t\ Ty; ^ t: ' si.^u^ ivir^ua^r 
a «*t«ca east ^ \;t 14 : ; e -: .dc 3 , prtroaz^x, , 

&C^QA F* <fi: '-^-^ Vie > * ^~.r~- -2i 

^r,a t< oo-^'ii ~ e-i>-1 <s «?-]": p.- ^ '>- „ ^ r 1 1 i ^ s 
.e?^t --^t r< <mj ip^ua^ , vksU^IIv <*t .o^j*. 

oi"*,'i:»s jsk- o^t ccnci*r trillion s e ,c K^T, ! 
teT^iiiL^ or :sq&t_c rr1v*_.t» ^ ^Jitir - - t.v> 

i-a:a.n n,*?*^o will *^ J.K' ^;,-cu:v 

* s.' '" i.^ic^iu ^ "f«ss , i^U pr*t -rates' ir 

ler?. 2-.- * tyi.j.„a:i- ies*o ^^ax L M p t v d^c 



Th® polynmsl®o%i&m of the invest i®& are 
isolated or substantially purified, An "isolated* or 
"substantially pure* or "purified" nucleic acid is a 
nuci*sc said, e.g., an R&A f DN-A, or a s-ix«d poSyTOr, 
5 whicii is substantially separated iron other mycobacteria 
components that nsturslly ac-coTpatiy tho veT-^ 1 "'^? 
as^ociat^o" with v i rv 1 en" 1 ? , e g. r .r ibpssi^es , p-oiyir,erassr£ 
iknd 'nxkny oth^r rry-obact&ris 1 pol. yiujscieotld&s such as RKA 
and oth-^r chrcTiOscss&I s^ous^ces: . Th* rxi embraces & 

10 uu^Is* <icid sj^quencTs wmch hs« be-? ei reiaevedL ixom its 

naturally occurring snvironipent , and includ^t- r>rcc^binat; 
cr cloned DRA isolates and clinically syfith<asiz«d 
ansi causes cr analogues bio'iogi ral ly synthesized by 
heterologous systems . 

Th^ term "recombinant polynucleotide a? used 
herein i-n^ends & poiynticl ootids of ersnorcidc, cBKA, 
semisynthetic, or synthetic origin which, by virtue of 
it? origin c>r svias.i.psilsit ion ; il) is. net associated wish 
all cr si portion of a polynucleotide with wtilch it is? 
asaS'::.«s-;;s in nature; or {2.: linked lc « 

polynucleotide o^iher t.hnt\ that to *'h*oh it is linked in 
r^turs;;, Ar-d (.5: dees not occur in natuse. This 
artificial costbination is often scocr-ipl ishea fey either 
cnsmioal synthesis ttseans r or by tha artificial 

2S rsanipulation of isolated segments of nucleic acids, * a st. 
by genetic engineering techniques. Such is usually done 
to replace a coden with a redundant codon encoding the 
s*m>e or a conservative an-d.no acid., whi 1* typically 
introducing or r»sc;vin,g a sfc^ueric*: rftccgrJ tion site*. 
Jtltertifir.iveiy, it i;? p«?i-fDri^g to join toget:h<?r nucleic 
ti '.'id a^gm«iO^£ of dft^ireid functioriS r.o •generate & dsssir*d 
co rib i n at i o , * o t £ un c t ion s . 

.1 u s-::ut.« «^bodi!5iesr:.s of th*~ invention th& 
polynucleotides encode a polypeptide associated with 

3S virulence or with -s vi rule nee .. A nucleic acid is said to 

25 



*%r.-o-ie- s ^olypept~«s if, in its r,su\-« *rs-e cr uihsu 
■ssmp^latsd r>y net tods koov;- ?o thos^a skilled r 

art, it cars h-e trsr^cribed i^d/or T)fSifts„9;M to pr.v:3u«* 
me r- ; iwxicids u-ir 5 frags-s^t rrer«[, Thtf a r: e 
5 scrsi.nd ~* s-^h a nuclear ir~id \.» «Iso s«u3 to ej^ode tY. 
sequence 

eors^a^lsttid wi-^tij; th*> invention are- 
express i-^it \^<:"^^s cra^isijd 01 .4 sequence encoding a 
por/p*pr.idr ussr^iar-sa vxch vi.-ulen-r* . Expression 
10 veccois generally ar& repiicaLle polynucleotide 

constructs than strode a pc^ypfratias operably la~.k*d to 
suitable transcript icnal and trans I =5tiona< regulstorv 



<s 1 eiTient p- , 



snrluds-d 1- sxprfsv&ic-ti vectors are. pro3!H.»r rf , enhancers 
:I5 r ^ b£ jna I .Qind^ig s=.it£?, and t 1 ^oscs it.t: .or; -and 

crass: at ic*n ^irui-cn ssvJ csriir.3tiM s^quencae . Tt-^s 
jNti^i;^ry ^er^iK are op-& rifely Iii^-d t-- tne. ^i^ivrsoe 
to be translated. & mzUsi* acid s~q.;ei;ce i* opmbiy 
I, Inked wnsn it J* piace-J ir< tc . a functional relationship 
20 with another nu2:«K acid sequence. Fcr instance, .9 

pi cooler ;s oper&t?lv linked to a c&ii.na sequen-e it the 
fronoter afi^c^s .its transcription or expression 
Generally, operably linked susans that th<* DN'A ?f?q\^rv^s= 
b^ino Ursk^d ars- i-era ig^ous and, wh*»r» rsoces^ry v. ^ 301: 
2B two protein codinq regions. cor<t tquox. 3 and i>; 2 e«.dir,g 
fiar>s:. Thct regulatory ele^er.t^ srspi^yed $n the 
-rxpr»&3i±n vectors containing a piIyr.uclect.Ld* ccvtc^hg 
vir^l e.nc-, 1 factcr ar& functional m the hosr cell uss^ f\ 

Ihtf polynucl^cu lies of the pres&r.t invention 
Ms r ^s> r-^-^rect ->v 3 v w»ar.s known sn the ari . For 
c :a«* f. „*" , -n-irt^ of U>- .0 .eot Mess may oe 

l .LU>at, ^ "5tic 1 an a *.itaud* hs*r c*4l"_. The 

n^urr* a, t^ tic "m frair — * -ciing for a desired 



Ci.Il .v, - i— I* jJ>fT\vt.c3 r, -* 



s0 ec":^ ;^ <,n rrr:T r e piv v^r arJ 



2S Krc*,* .ii t ^ ax" ana ?w n<=o fai *• ~L i^jv 

"^V ^ -n ii'VK^fv - - U?fat*N, N.a^^, y-.i^t oust-*' 

2s - ^ " jo.* 1 osciotrr r^giuii, tox l-- 1 - 1. o: 'in 

a«'\ir r*-a^, r buo $ Me f r -c-li-o^^ ar v 

i- 1,1 t & r^ \^ast ^j^c ^ss.j - are Lit. ft j w 

ie .i-boi ,n ".fr.^n^ ^1 LI' ^ ^ Vpt cpr j.ato 
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A^^.L-^ e*. , l^bW The - N £. * i*-^ «..i^h i^vt oc »n 

^ snjijir „^ i*» * -- r-^ *viel<e>_~ t \'<l- a ft J 

".-c i** ,n rthex e.^ioti v£hi.>~ e rest . t e 

j^^r\-t o u-sts are s< rai - Ea.r.r ^a.c^ii ^.i , 

a ait i !'! t-sx ,i -"-i F;.i\°s l.*. ilv u "^4 

t ^ si*tv'^ i_iMA isci 1+"* li& 1 * Sir.-} ? r Ti y te s;so*.n^2 
the iiii !l 2 1 r i^-tsiiL^nc^ e sj.^^ ant \b\^t ire as 
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Also included -within the A&w&tiois are 
isolated cr recombinant polynucleotides that bind to ths 
regions of the mycobacterial chrottiosoitve containing 
sequences that are associated with virulence. Including 
S anr. isense and triplex forcing pcl>Tiy!;.l^ises . As used 
herein, the tfcrrr* "binding" jresesrs to an int.er-action or 
cos-plexor, ion bsitv&Sifi an oligonucleotide and a target 
riucH;'!?.;':^ .-^qu^iic*? , r^e-dl-sted through hyqscg^n bonding or 
othsr molecular forces. The ?.r*?]?. * hirudin 3" ??tare 

10 sp&ciiically s-s^-Sirss to i:.wo types of int i .Hrnuciesr..icia 

binding ^edi-sied through base-b«ss> hydrogen bonding. The 
first typa of biding is "Wsts^n -Crick -typ<? w binding 
iatsr-s.c-i.ions in which adsr.ins-t hynsine for ad^ins-uraeil , ; 
snd guanine -cytokine base-pairs are* Sorted througn 

IS hydrog&n bonding batwasn ths bases An axa^pl^ oi this 
type cf binding is the binding traditionally associated 
vfinri Lh& r>KA doubles helix ar,d An Rh x A - DI*A hybrids.- this 
type cf binding is norrn-aliy detected by hybrid! sat : or, 
proos d.ursss ,. 

20 The second types d* binding is "triples 

bitiding* . lit g&r-.s*:al , triplex bmaiM to ar;y r..yt;e 

o£ bcEK«~ba«ff. hydrogen bending of a r.hixd polyiTucleot ide 
strand with & dupisx DKA ior DNA-RNA hybrid.; that is 
already paired in a Wat son- Crick tnanrisr. 

The invention, also includes- re-cotrcbinant host 
ceils comprised of any of the abovs described 
pal nucleotides tii&t contain a sequence associated with 
virulence in mycobacteria, including those encoding a 
polypeptide „. particularly & polypeptide that is 

30 substantially hcrec logout to th*; poiyp^p". id«> en^od^d i T ; 
Fi^uss! 9, or s fra^isnt thoreci* , or an imaioq th&i'*!oF . 

The polynucleotides cf tha invention sr-ay oe 
inserted into the h&st cell by any rssans known in th$ 
art, including for ejeanpis , transformation, transduction, 

35 and eiectroporation. Ac u^ed herein, M recombinant host 
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r^corsJi'ir.ar.t calls., c^ll cccn^^n-nts : . 

Using the di&-I^s*?d portions o£ the isolated 
pc^ynuc Ae-tid*-? ass-rci&C^d *sth virulence as a basis, 
c-ii. jokers of a^proxitra ~ eJy &. irj&crisc tides or more can be 
prepares!,, either by excis*:^ tt-o^ rscnsro ir.ar.c 
polyn~c$ec~ids*; or sync he* ■ ly, which hybr b3iz« v,-.ith 
rh^ r&ycst^T'-sria: sequ&fic^s ir. the p^simdx sr.d sro 
^s*f^I id^at if loftier; *nyec. Darters a w^th rhe 
viral™ fir** #ss~c,kKed 'r'siv , ^rnv pr^Ks for 
o^Iynuclo^r.id«i!:» asscx-iat *fith vitu) er;: f - ai* u l<&n®x.h 
"*hirh alleys? trie doLeoiian cf th#- vir^>n^ assccsated 
i ^* a at n f * 

V *» s. ^ t ^ „ r j * t de 

J iJ* a . -I ^ f il i t-r ->(■ & 

<~ - "c - a- i s. _ * ^ h- 



F ^ - T *■ iL t^ ^ u - t. ^ id 

-i t * * * ei a J i. 

- " ^ ^ a * i. c * v* *- u + r 

^ ». ^_ -r 1 to ti- ^i. at * -«,*- i h a*- ~-**i 

\ *- =« " v Ki. ..^ii i *■ n ^l^, t 
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f«r^_. - t " ^ ^ V ^ 1 f^-l 1 ^ 

M-i * ^ ^ r^r T (. it- ^ I 

] *■ ^Vi t ^ Is 1 "" di) 

' U K e i - -.i. ^ j ji 

" " - f ~ ~ 1 *■<* n -i k. v ^ ■* t j 

* t-a<-^ * Lie to^ s e »- f> - - 

683. 202.. 

*> " v ^ -> _ * i t _ 
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K i ^ctivTt/ "t any #£*c-*±_ ^< :yp*rt i-ie s.*- t 

T k i. ^-^.v- \ti-1 a- <* |clM«,t J" ^.1 aral^q«; cv 

ot it^f i- i r-r uoiou^ rvtmL> f ar-o-.^i-a w\ 
a&oraa factor. 

i t -a.v. 3. — ^- x i ^e-r n,t tst^r spoca~ .r lend & o 

i ^i.wI^Sisii, Un #"?^it! t ^ r^t^;^i "«)}. o- , 

ft- if ypej: trades *kib-t-tut#0 ;*m.=*g**6> 

-^o J--, karwu tl^ art both a,.^ 4t \ 

25 v "vn a ci datura' »\ 

'x^-as il>' t ^ iv.v-^r ic^s* of r res err 

■L\oes>- rf ,ic*^ t a«-, ^->-" prpfrrabl/, e«^^ 

:SS .to-v atrt i >lI >; a? vt,l. a- clcne^s j::*J.<>u*vi 
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pc-ypap^icies or prisms ittrievecs by ant a sera tc 
vi rule nee associated sig-^a factor 1. 

The lengeh polypeptide sequences compared 
loz homology will generally he at least about 1? ara-m© 
acids, usually -at least about 2-3 r^s.^a.^s, s^ors; usually 
at laast about 24 residues,, typically at least about 29 
residues, and preferably more than about 55 rosiduss. 

The t e ,f subs t t ii tit i * 1 hotao .1 ogy ^ or " s ubs t &k t i & 1 
identity* t whe*. referjr^g to pol ypspt ides f indicates th^t 
she polypeptides ar protein q-si^ction exhibits at Isa^t 
about 20k identify with an sntir*? naturally occurring 
protein or a portion tr.ereof, usually at leas* about 70% 
identity, and pzslsr&bly at Is&st about 55% identity. 

Homology, for polype p tides, is cypic&lly 
T^ssured using sequence &si& lysis software. jj&g, *?.,Q,, 
Serais Analysis So£twar*s Facx*cfe of thci ^enetacs 
Computer Group, University o£ Wisconsin Esote-hnr^ogy 
Cenr.&r, 1?1$ Ifoivsrsity ?i.vtzrw- , M&dixvr-., vjiscensirs 537C5. 
trrorfiir, an&iysis software snat^h^ similar s^qv^ces using 
swsssfxurs ot hoFoisgy assigned to various substitution t 

let ions, subs r.i tut dons., suid os.her ^odif lections . 
Ctons&rvet j v« substitutions typically include 
substitutions within Uv? rc2 lowing groups; vuycin^, 
valines., iso2eucir.fi i^Tine; a apart is ac;i, 
glutamic aciJ; ^ypataqme, gl^tarans? ; serine, threonine*., 
lysine, arg;n;ne; ani pnatA'i aiarsir>* tyrosine 

A pel yp*?P a orient , '* ^piirt : cj£ * cr 
^segF^t* is a stretch r£ a^irc, ao*d r<?msh;cs of at l%ns>: 
about 5 .im-.o acids, often at >e«^ r ; about ' -nro acids, 
-ypicsJly at *?ss3t; aLout > co i3 acMil^ ^:idr, in 
various fectibcdiTstssntf!, l^ast ab.v,^ ^? cr Fore a^ii^< 
scj.ds; . 

The terti-r 1 isolate J, " **vbet3ntial-.y pura, s &E& 

" substafstialiv v^nogssneu;?" are ussd ir^ersharsae^Lv to 
dfescrite a protein cr p;Iyp-irt i^ vhict. has* beer 
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^c-t^-lTgou^ to. tins primary structural a^usnce <->f the 
■, irui^tiota assoc^at e-d s-sgna factor : aire rall^a rpcV.< 
rnif presen- :-enac, a^o e^raca* ^ S vi^ or ^ - m 
irvemiesl and. b^cc bennies ; troiif *c^tiJEii-" t„>ar. ir.coro r^r.*- 

^3.ro a-\ds Sum trvTiif i.e^taons include, ror 
example* A^i.yl^ ion , ^.arcsi-xyl At pK^-phorvlatiors, 
Sly^ctfyl&t ^ cr-. W3iy)iLia,v icn, lab^l hsj, & ^ , with 

b-v readily app^c- :<?te 'I v. y t h^- wtl^ in t h~ arc 

A variety of sreLriods? U-r ^ ati-ll irsg pclyp«?p* ides ^si rf 
substitueutsi cr labels ussfu.; roi such purp,\-«^ are wei 
Ktiowr, It: the a;t snd indole rad^ c active i sot ops s sucn ■ 

Ijcratsds, wtuch bind t .> lase'el ant i ^ -.gands 
srst-sbcS^fc' . flueropbcvrf^ rh?;-J uta suss rent iserrr 

aai» Tubers for s labcl*i T> - Tb^ce > 

l^b*! drr*"? nds on th* s&rss *r : vi~y ^e^irsd, ^a,^;- of 
cr^ug^tio^ vo^h the primer, staLilUy requ:ir£oi«r,t <s, ;nJ 
av^iUble i^truto^tation. Methods labelling 
p^lyp^.f- Uid=.t5 are wall known 1:. th^ ar:. e,g,< 

i« sasrbrcd. 5JL & > Cjld Spring Harbor Labor at or-/ 

ed. F Aus-Joel £fc gJL„, 3res*r.;j Fubiiahins and Wi3^y- 
:r»tersci«"rce; New York US37 ar.i per-^die updare«?> » 

Besides* substantially full-length po"! ypept 
th« prefer, t i rentiers prrvixiee t~r frs^fti^r cr th^ 
ro'lypecti^s capsale of bxi^dis-sg to irL ; ><?d**s dci-&cU-^3 i 
virulent ns^vc^red eimus f<jc~or 1, As us«d :■ ercjm tr 
r. <>n fr^gsren- ot ^<m^ nt , a.^: i«a za, & po' ypepi ^ik- , 
wi^l or.^ruu * ly k-^ at l<s,***t «b^ut * t c- " c :>r;t iosuc-us arun 
aciiis, t VT-^ & > V «* le^soi about to 13 crnt isruccs as55.no 
acid?, ana nost psfctcr&bU' l&asr about to SO 11 
?rore c~r,t icurus sir.iiio aexdo. 



t:olyrept ides c^sprisi^o. th^ viruisnre associated sirem 

1 or fragnexits th«rso£ . HcsticLocsDus pc I ype^ti sis s 
rav ro £«s:,cn? between two cr ftvore f^g-jersc&s. d<*rK'«d fronts 
S th* vii^l^nc? ^ssscoiatea signs* farrier I cr b& swears th>* 
^quer.sT^s of the vir^l&nos assosTarei prot s-dfs. &nd a 
rei"<H. £ ret em L.ik&wnss=> , hs?t«r olefin*-- fusions sray be 
"onstrii'tsd whSi'-h would exhibit a c.OTi.b;-riat A on of 
pr^;.ort l^-r -r act ivs.-; s.jvs of thf; der ivativ<s pr^.-»ins. 
1 0 .< « - 9 • > 0 ov*^k : s al. U £ $ c j Su'iaaft- £il ; 81 2 - a 1 S 

Fusion f,;;,t wclK typically be rcade* by 

r&coj"-.bir3&n-t n-olejc ae~d iri&thods, boi way k?3 chftiucaiiy 
synth^c;. sed. Techniques tor synth^s j.s of polypeptides 

described, exanplt?, in ^erri field {1363 5 r. ter. 

Tr,e poiypsptid&s of th? p res ant invent u-t* ^sy 
be ufred sn ch€ preparation nf v&ccinpg to tjEfca*. and/is: 
»r«?VM-nt. diseases a^sooi&tssd wish r^yooba^tor iifi 
♦.n^fri" iens , *'t'r&i3~ friers t K au used h*>r«in refers to 

SO prophylaxis ^ni.'^r therspv. 

Tm pciyp&p-ii.i^H -an be prsparei so oxsorote 
♦jntiti^s or incorporated into a larger polyp^ri id**, -*fi\- 
nay find use as dtsso." bed herein. Ths irr^r^eniciLy o£ 
Lh«; epitope of the polypeptides of the mvanticn rcay 

2$ al.~? re enhanced by preparing them ^ar^mal i sn oi y&asi 
^ystsrcs fused with or a ass lib led with paiTiels - £ ©rrsirva 
rror*?ins such ss, fcr esa^ple. that assoc^at^d wi£l> 
.hepatitis 8 s~rfa™ft anrigen. S^e, e,g., tr.s. Pat, t*cs, 
4,**2*,S4£ Vaceirvss re=ay tre prepared irom one ox aver* sro- 

3D suno^-emc polypeptides d«riv«d frcva viiul^nc^ ^?5o?ist?d 
ro lypeptidttf* . and rof .> ■■■ particularly 5rn.n v^rulanca 
«s^-iC3L«t^d sicTTia factor 2 

Tbe preparation of vacuus which c-cn~~in an 
itasr.~n^ct&n:o or ; yp»pt i -3 e- . s .- as active tnaredieiits, is 
itncwTS ts one skilled in the art. Typical such 
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den-irsd. ?reci&^ sm^rcs oi active ingredient required 
~c b<- adrii.istered ttisy depend cr. th<* Judjrrent oi 
practitioner and may be peculiar tc e^cn. s\ib>ect . 

Ihe vaccine- tnay be g*v<=>n in a single oos? 
5 srhec;^.^, c.r rr«*>rarly in a snulr. l.ple dose schedule. A 
i?tu;tip;« dos<? schedule, .is one. in which a primary sro^r??? 
si v:sccin3t:ov tfusy he with 2-1^ :--<>p^rate dessss , fillovss-d 
tiy o£.h«or dcses <3iven at subsequent ti^y. intervals? 
required to r&=id.ft\3i.n snd or r^ntUsr-e the ism^ne 

10 x,&&p±&M$., fcx&mpifc » ^t 2-4 «K>ntn« foi * second d^fte, 

= n3 ^ n-?-?d?-j ; & subs«?.qy{Mit dose U ■ sfter s^vsral sio^t^. 
lho aosacs*! recuren w^il also, ss" ^ast in pari, be 
de-^rxlned by tha m»s>i or the xr.d;v$dx^l and be d spends t 
ipon the judgment of the practitioner. 

In addition, the vaccine en^t&indng tne its- 
Tunoqenic snytxVr\*tct enal ant i$«rs tei^v sd^-in leered ir: 
conjunction with othe-r i^rnunQreguliXtory a^nt^, tor 
D-«mF; = . i;rtsus^? ^Ii..K.2in? ( ss w*?Il .sa ant ibic-Lics . 

The iBVT!*&iioc4?rti«? '»irjl«:.e=i = ssooi&£*2d antiq&njr 

:y.- cr,fiiy b>.< ~s*d £qv ~b-v pr spar;* t i ^n <£ antibodies. The. 

ipr:\u-?gtnic polyt.ot,U.d*?s! pr*par&d =5* described abevs ^is* 
^s^d . c ^ rods.se -a antibodies, including polyclonal and 
txsnocLcna: . li' pclyclon&i antibedi«s are cleaned, a 

Peered csanm&l $ , r?,c-u$e , rabbit, goat, etc.] 

2S ib immunised with an imraunogeruc polypeptide bearing an 
rp^V epitope is.; , S&runr. £rox th*» nnnuni s§>d aninrl is? 
collate J and trwt<?^ according to kngwr, procedur&o If 
s^s-vts containing polyclonal anti^-s^s to an ~po-V ejpitcp? 
contains antibodies to other aniens, r.h<=> p--;iy:;maj 

if) a £\ v X :t ^ j i e a c^n be punitie-3 by itt^unc-.f fimty 

-hro&r.&to^aphy. Techniques tor producing and processing 
t,oiyciO".si antisora ate* k^ovn in tna , $-»e for 
•exs^pie, Hayer and W^lksr il3^?s . 

Mono~'ion«l sr.* ibo-iiies directed sgsmst rpoV 
spitcps-s csn a: so be readily prod,ioe-i by oris ak^'U^d in 
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tbo. $n . T^e g*-m;;>:al n^thcdoiosy ror ^a-<ing ^o^c-jicn.ai 
^Lib^vlles ry nyt>i:ido;n»: r ; 6 w *li known. Immortal 
anuai^dy«pr~^\icl^9 cell lan-^s can cisstei by cell fa- 
?wr„ ana also by oth-=r tsc.hn: q^es sues ss 5ires~ ~rans- 
forwu&taon of £ Kmphocytes with oncogenic DNA or 
transection with fepst&i;. Barr vir^s e . ts r r H, 

Se^reiar et a 1 . ;i*eo-,- Hsm«arig et si 1 ; Ksnnstr 

(ft al , {lSSCi; gag; 8bJ.*3^» U,S, rate-.t Kt.s 4.^4t,7fii; 
•4 t 221; 4.4;:?. T&3« 4.46£ { $i">; 4,472,500; 

■t < -i r< i 4 4^^ s : . rie J a of mc nc^ I . :,n~ 1 

fititib^iies proved against rp^V ^piCip«. s i*a str^a-rs 

Ity, etc. 

An- .1 todi es, c ? t 1; ticr.cxr 1 ca a I a n4 ptO y c 1 or.s 1 , 
wm^h aro iire^e^d a^r.nsi: rpcV epitope 3 are particularly 
In diagnosis, ar.d chose whicT. are n&ut; ra«:;in? my 
be useful ir. passsv*; x^ir^-herapy , Monoclonal 
antibodies, in particjla* . way be u?«a ro raise 
anti-idiocypc anti hodi«s . AnLi-ic»c*yti<s an-i£i*-3i*s ar«* 
i^\*-uxj,~bulin>3 which csriy aT< 41 in~*>rnal irs-,ar r » of. L?+e 
arstsqen of inss sr,f.ect icus s^n: Against wnsch pr:.bX'" 
is- d&sirei- See, f s ;n eK<stipL«, t?is,o.n<jf £ P A.. at oi, 
; i?Sl* and Dr*!&S!T35T: il . a^S*. TncAiiiqws lot 
raising ^55- ;,- i^iccyp-a i&odx^y knwn m £ha art, 

Stt»., tor exaswp - !*, <Sizych (1385', PasKsiaara «t al . -ISSO, 
end Uytd&hsaa et al . U^SJSJ , Thes*: ar.*; i- idiot ype 
antibodies ttsay also fc* uss-fiO Tor treatment , vacciaatipn 
and.' or diagnosis o£ itiycsb&eteria; mfscnons, as well ai 
f^r an -s-Iue Idas; s.on cf t£« in^unoo*nic Ions of rj: .>V 

Both che fi> ulcjnco <assc~;;at ed f< lype^siid^s 5^ 
>3^.t.»brdies t: £h»-r, ar? ^.^f^I sri iR^'rs'.sTio.as^sy-fl to d&t&e*: 

cf the v^jvU ace 58so,r'iat.ea an!Lia*»n^. an<i particularly 
the pr«se"c& of. vi»ul=Tv.^ assrciatsd rpcV in fc^olcQica.1 
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gre^t deal <?f variation, and stsrr/ formats are kocwr. m 
The art Tne is^un^assay w:]; i ; ®i I«ast an* 
sjpiu^e ds;:v^j Jron 5 vsrulsiir? associated prvjypercide, 
§ a.r:ci particu*ar*y v~rui*JK:e a^oci^r&a rptr-V . In ^>v.e> 
^nrod^ent , th*: iK^ir:C assay ^s*»s <-s retinae. *rr, c£ 
spiri-ip^s de^rlvi-,^: tree th<s v * jrulsrac & asr^caated 
p-idyp^p^ide . Th<as& epitopes rcay fo«- deriv-sd i'ror; 1 s..he ..-ane 
or lr-LXi dii tej^nl; hai'teii^} polypeptides, and m&y bta in 
id e.» f . ar v.L<e re-c-3'fjD±i:^r:" or natural polypeptides , or together 
ir, ~h? s&r,? recombinant polypeptides. An i^rr^nc assay rusy 
use, foi ssxasrple, a monoclonal antibody dir^rted tcwards 
a vi rul caee &s s ? ~ x at e d po I yp epr. i ~ ( e ep ■ t op- is 1 , a ccwte j na * 
tiers ~£ inono-l^nA'_ snriorc^es directed loward-s «;;ro^ 
13 ot: one ttyeobasrLs!::; si antigen, Trroro-rlcro&l ^-^bod^o? 
directed towArd^ epitopes of d^fter^r. tiy^rt^joi] 
antigens, pclycinnrtl a«si5b\iies dii^tsd towards t:i^ ya^; 
^"t.ger,, cl polyclonal s^tibofUe;.* aiders; -a towards 
di f 5<;^ antigens Protocols st-*y b^bAssd. for 
20 exanpi^ upon r^petitio:i f cr direct reac^icn, or 

sandwich typ~ assays. Preterms wsy also, for «:a-r^i«, 
u«e solid otippsrfcs., cr rr.&y b« by 3Tnui3opr«ci.pi.r^Mon, 
Mess; assays involve ths use of labels:* ancicody or 
prlypeptidar the labels oy*y be. j =T e xstr.pl e f e-ryroai i~ , 
25 f luorssscen" , cherrd lurdneso^rst , radiost:LiV', ( or dv*> 

^ 1 ecu 1 es , As says «M ch a^p 1 1 f y t h<? s a cm 3 1 s f roi^ £ h? 
probes a?:<s si so kr>cwr I( - exsriOles ot wiiir.li &w 
v >.;r. ilin-'S blot is" ct^J «vid3T4, a: id er^ynje-laLb&l&J csnd 
mediated i^niirscasssys . sash EL2JSA is^vs 
3® T>~o-s^:ally - i^ur^^yr-iy icr a- snt-body is ^ lo 

a v; r^l-ancf* associates polypeptide, and particularly to 
vxrul^nc? sgss^c* ate'ii rpjV voxli involve s&Iectir.q x^^d 
prep iriw-j llie L*i&i sample suspect ot "x:~t«ininq 
a r.ti bodies, frvsrh *s a biological sa^ie, then ;nc;u^tir:<5 
35 ii with an ati^gsstnc -'^.e> f epitcpe- rsntaininc ■■ nrokrr^ 
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r u * * y ^ ce th ^ ^ ^ 

nor Ph^ ^ *h a* ' e". \i: *n - - c ldt** 
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Be search Cenr.re, Dppsr Kutt, New Ze-aiand, Th<a strain, 
isolated froffi bovine tissue wirh the ^co^asion numr^r 
%9/S-?t$ r was designated WAg200 and was cultured as 
daseriNKl previously 'Collins srJ dc Lis Is a"?^}. The 
B strain v*as aaisd snovn to i>? virulent fcr guiiie& tiq^, 

^victersologicaL idsnti f teat i;:n of the strain as bcMtis 

£j;U:*q colony norphoiogy , alow growth, a^id* fast 
s-aming, susc^&t lb II. I ty to zhioph&n&"2~c$rboxylic acid 
hydra^ide and isoniazid, and growth oti pyruvate- 

10 supplemented but not: glycerol -supp^s^-nred ^edia. the 
strain was also characterized by restriction fragment 
analysis (Collins et al. 1533), In ir.£*cced ans-nal 
exp*rL«c*rrs described below, bactericloaieal 
i-dentif icsiicn of r«M&-3, gted M bcvis strains was h&s*3 

IS 00 colony rserphc-l^cjy. slow growtii asva qvowtih on pyruv^t-s?- 
anpr I fit £ d d i is . 

ff. bovis WAg200 was cultured und^r fciasssfety 
20 cont^n^enc at 37*e on 40 x »$ trsn pstn dishes 7HI1 

Middlec-rook (Difco^ media containing oleic acid, albumin, 
dextios^, serum, lysed red blood cells, G.0S% 
p^.lyoxyeEhylenss sorrdtan sr-cncoleats {Tu'«en-S<Di and 
pyruvate SGaUagher and Horvil] Th* organisms 

25 were harvested into 7 Palecm tub? 5 each ccjnta in^ng SO nl 
phosphate buffered a&line {0,31 H NstCi , 4 *M KC1 , & stlK 
Na 2 HPC- 4 , 2 a*! KH^PC^; pH 6.5. and irsaciivaterS fcy fcea&sng 
a;: 7*5* c for 35 ^in. After cent rif^gs-; ion , Lfcs yi&ld irs 
sacn tut* wms 1*1 S ,3 we: «xngi<r, orgasisstis . Genomic t>N* 
3D w<j,-5 prepared froisi the organisms using a scalad up version 
of th** rr.athod das^ribfed toy van S&oliwar, et al . > 
The total yi^Xd ot D^A after sx^ra:n&n of all organisms, 
was 300 ug in 1 sal. 

35 

50 



vcsmmmmz 



■-. E\ <:c>li Cf^i-i lib rary bm<\i s & kq2!j_Z 

M. bsvm WA^l - ;o EKA, wds partially digested with 
<* c f c-acentiatioris of 5aiiJ&I and d merest ions r.sv;nq 

t ha iaraest y i eJ t3 c £ 3 r - r ) k*> f r ag-r^n t s w<a I <2 ct & i 

5 aft = r a-alyrical *Jle£tr?pnoresi $ or* 0 4% agarose gel? 
iJaroes €-L a! . 139^ Fragments of ,?"--S0 kh. fnm Ehf>$fc 
= i j«*=tiorjK w*r» pneparfc-d u£S:rta sv^rcs* ^racnent 
centritwgritior; iwe-is snri ?icat^j to £\r.n -atfi« i. teO 

pV*.*^i"?S D*;a rK-r h^-i h^er, trasteri with calf j.:it.^i3tir.a" 

10 ;:>>.>- ^r^KUas-r T\\-\- fi::^l s^r^T^c L'KA <-::Hi"'-?ritraticn in t^e 
U« «.] liqstmn it^tura w-3^ SCO siq/^i and t^*< r-NA ^nlar 
iaiic mseit lu ve:;:j was l.zu. Fc\;r ^1 ci tils* 
i^^^s- tfisttssre. wjs i-fj vicro^packa^&i with -:U b <a£a?k 
J I ^cld Packa-s^ny Ext sac: reiLsiefsne, La Jells, ~A' 

15 «c--osd;ry to t~:s tasrusi -sct^rer ' s procedure. TrtC jr. r;t«- 
packs a*>d iysate wa? transduced, using previously 
2*srr*b£d wet ho 3s ■JaeoPs-s et al 1^51 \ i^to £\ ccl±< 

=*n-\ a^rculst^d ir.r. .: troth <?otvtairiir<,g 2^ ^g/tsd 
20 '<3Ti3Ty^rt ,. CMsr*id DK?> war p r*<p * v^.i t r s;r.u sita^dard 

•ml;>nsi*> cjruU^nt cant r if ^at. k>n (Ui^br^ck *u al i^*" 
Alqwt« c: the library w*r? zzcr&d i'ij.^en at -"o^c siiti 
3:\*3 sst ions, were stored &l O'J'-'J. 

total min\b*r ct t^oirj^tr-snt $\ cc>li clones 
pzrc$ae&3 was apprcx- mats- 1 y ZS.ZQV. T^es® clones were 
polled 3:3d the library ci p¥U£l?8 : :M. borj.*? WAg^CO 
costuds was airplifi'sci as a pleasnud pr^psrat icn, Thd? 

^n "So ST.S rrs«d*a ccrit?iiiir^ r?S ug/T^ kar^sryeir. Pcth 
bo tore arid aftnr tfi* pl^^^i-j a^pl if t ion cf tft* 
:„)-;-^y. t?^;<3 5 fr:« 20 rand-nly ^^I^ct&u oio^e^J wero 
^-h:>vc« tc, h:iv^ different rsstri-rtiot. patterns. 

Ti^srMds artd X. ix-ivis strains used in this 
3B r^t^^y are li^t^-i tn Tables ; ana 
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p-OHAl 1 


--'JHA. J co^r. strung ^ "kt- rragroi". 








fieri WAg3^C l 








sUH&ll with 3 kfo fragment i~ 


Tftis study 






reverse orientation 





The t&c&ptor strain us?ec was M. t.,?vj£- ?>.TCZ3Ti"5V 
1Sj which hsd loured v^r^lsrscfc for cui^f^ pi\^ - Fcr 

si^pli^it v this strain ^ibiv^qvent ly re f^red t;i. ,is 
,:v^ ; rvl^r;* ~r w-.s i:r:ocul 3 mtc ? k it-:: z-l ^icsdl&rro-^V 
TH3 htvKh iZLico -onr^ir^ivi alcutc^n. giujoff*, clycfiicl 
T «n*n ^ &o ar des-"t .-j^d i Jacobs e-t 1592.:, ine 

1S wie grown in xcll^r p?-tlea at I r*avc .-Jtior:/i*JLn 

to as\ 0 1' at SOCnrr ci £■ . TLs org^issns were washed 
aria eone*?.^ rat?d to & volume cf 5. rl in cold 10* a.^cercl 
and 0-4 :r,l war« «i ect ropor&teri with 4 of pYURl7S- M. 
bovxs WAg^Oi: cosstid library DMA *i ^.'^i as Sascrrabe* Jt>y 
2Q Oacjbs cr. si, ■Ig^li. After sjl^-tropor^n *csr< . th& 

cr ^"- sw cultured at s^c sar.f kw»JL-, vised 

for prepsrsc&oj; but without- ch* sd^t^e^ c-f oleic 
acid, spsrifii cr lyse-d &ioo.d oal^s ^r,i with 'h-:- 

25 Apprci: irately 4 SO 3 slopes ot & ix'vis ATC:3^^ 

■pVUE.i7es ; ix^'i^' were oitai^a ar.d pooled. A 

c^rr-ro; ^eetroporation of 4GQ *i. organises w;chc>ut added 
placid DJJA yaeiaed no xar^ycin resistant eolomes. 
Fj£te-an M, ocvis AT<TC?S"?22 ''pYTJBl 78 ■ bovm WA«?$Qf 
0 ricr^s wore selected soSer« pooling and subcultures fc-i 
DMA preparation ir st,j of th.es sarr.& modi a vssed for 

rc-:oni>i. riant s« o<„ to* method van angers et 

ilyS 1 ! 1 . ch*rsct<jri£*;d r-y restrict; j;r, iira^i^t 

5 Sigsstieu ^;;-h Pctl . *3 t»it:rcj h-jr^js: ^ , Southern blotting 
and hyr,ridizatiorL witti a pt^b« *t prjsnn. This levelled 



juncticii tr&gssents of the ir.-egratad oosnud arxl is 
rred to b^lov as junction fragment analysis. Ir, all 
i th« fra^iti^tit patterns wer« different. 



, Protocol to a ssess virul&r ^T of ^jrvbgroul^s i s jronpl 
tr&i.n& 



The TRechod for virulence testing in guinea pigs 
was adapted frorr. the procedures described in the Trudeau 
Mycobacteria:] Culture Collection catalogue, SAnsr.,. > , 

Albino, o^tbr&d ^ir^a pigs w&r* insulated 
subcutar.^Ljusly in r.ne fi&nk. ;^.bran*& and i~dt vui^X 
strains o.r T?>ycabAo£.^ria were incr^I^ed into guinea pics? 
whi:h ware K*pt in f ilterad-sir , ventilated aniraal cages, 
An;^;als- w&ro s&cri ? i ^pprox irately 6 ana 13 we«!ts 
after i.-vcculaticn and e>;«sn^ne^ for tb~ presence of qross 
leasers of tuberculosis, &at?ipl*=a fro^i the irnection 
site, the cs:f?-e^racr^l irah necks and spleen were cultured 
for n-y::obac-eria u«xn=j previously desc-rifeed resthods 
■: Cc .1 1 1 n s &nd ds Lisle 1584:, Fo rma 1 i n ~ £ tsced t i ssue s r 
from the spiee,*, liir&r, kidney and lung were enxb^dd^d in 
psr^flin, sect sorted at 3 ^ S *irp, arvd stained wj-n either 
hematoxylin and eosir* {HE? or by tns Ziehl -ates-ls^n 

Tfc& ^evel cj£ visrul&r^e i« g-uin&a pj.g.s of 
fevio &TC05*?£l was asa&s^ed by the «i-e5 in which 
gross lesions w&r* found rl&bi© . There were such 
Issionss ,ir, tb& splessi. This x^ueatsd thss K. hovis 

was not sufficiently virulent to pass through 
::ne lyroph nodes dz&inina the ir.jecticn sire sr.d enter the 
systemic circulation in sufficient m^fibets to cause gross 
lesions; to oocur in the spleen. 
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a \<~:^\-sr,^ ;r arv.a]j, a:.' rifled j&vs ^fte 
ion w-~k a £.2 ';H i^oiu ' si-^i vt tf. bovi^ ATC 
5- run;? :,->M,- ■rolcr.y tntrsr*.-; ►ii.i^.s- ™FV) 
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TABLE 4 

ircis <t?s;xJ-? in iMjnsls sacrifice i 5 1 vis-vis after 
ArC'JS. *21 .pYuSI'^ ■ J^vi * WA-ar.r . ; ;^ra-y cent an.ir..j 







.lyrph nod"? 
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TffiLE 5 

f Jro£~ I^s^cn." snn-sls sacrificed 8§ days after 
iaie?" witn ^ 0 Z tel. -::f .. r^cvl^ o£ tf/ b&vis 

apprcxircaci&jy 1?"' CFJ, 





irrjeetian 


Pref smor&l 
lymph ^odes 


Spleen 
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il.-.....£h.ar.ac.i:e.r i 2 & t ion -of r ssornbi nant ft r. bovis 



Pi^fa^iAl lymph node and spleen tissues of all 
guinea %>Lg& cylcyrrsd for the presence cf M, bovxs. 

Kpsvt iron spleen tissue ~ro:n gxjin*a pier A in th» 53 day 
group,. M. bovis organises wsre isolated Irom all these 

2 q tissues. Gv&z ISO individual clones representing all 

ission-sonta^r^ng, pre femoral lyn-ph nodes and spleen:? wsr*? 
sobc.iItiir&d *in:3 J.hsir g=rsoniic OKA s^bi^cPed zo 7un.cr.10n 
iz analyses, Approximately of all clones hsd 
r.h-s gafe» junction fragment pattern. Clones which qava 
r.his pscvern £euri:i In all If. frc^i^ ocr^..== In^nc? 

tis&uo&, Gsi«j i;£ tJriessse ATCC3£?I'l {pYUSl" S : i^vis 
K^gSOOj clones- containing th& pt^dorcinanL junction 
tz&gtr&nt pattern designated as vSAgjoa was usea tor 
turth-er experiments below. 

3 C Second in gsr.-vciatisri exp^r a^^n t in guinea 

In this experif^it the virulsr^e of M. bovir. 
KAg3QD and N. hoviss &TZIC?.S"?21 »L*re compared concurrently 
Pt?p^lts are given in Tables 6 and '\ 
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